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$n= \sum_{k=0}^{\infty}a_{k}(n)q^{k}$ , $a_{k}(n)\in Z$ , $0\leq a_{k}(n)\leq q-1$ ,
( $n$ $q$ ). $n$ $q$ $S_{q}(n)$
$\{\begin{array}{l}S_{q}(0)=0,S_{q}(n)=\sum_{k=0}^{\infty}a_{k}(n), n\in N,\end{array}$
$S_{q}(n)$ $\lceil_{Sum}$ of q-adic digits $\rfloor$
1975 H. Delange
(Delange [1]) $N$ sum of q-adic digits 1
$F(x)$
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$[x]$ $F(x)$ Fourier
(II) $F(x)= \sum_{k\in Z}C_{k}e^{2\pi ikx}$ ,





2 BC (Binary Code)
BC $=$ {$BC(0)$ , BC(1), BC(2), BC(3), . . . , BC $(n),$ $\ldots$ }
$=\{0,1,10,11,100,101,110,111$ ,1000, 1001, 1010, 1011, 1100, 1101, 1110, 1111, . . . $\}$
SBC $(n)=BC(n)$ 1
$=\{0,1,1,2,1,2,2,3,1,2,2,3,2,3,3,4, \ldots\}$
sum of 2-adic digits S2 $(n)$ $S_{BC}(n)$ $F$ $\iota\backslash$ .
[2], [6]
$\frac{1}{N}\sum_{n=0}^{N-1}S_{BC}(n)=\frac{1}{2\pi i}\int_{\alpha-i\infty}^{\alpha+i\infty}\frac{2^{s}}{2^{s}-1}\cdot\frac{\zeta_{1}(s)N^{s}}{s(s+1)}ds$ , $\alpha>1$ , (1)
$\zeta_{1}(s)=(1-2^{1-s})\zeta(s)=\sum_{n=1}^{\infty}\frac{(-1)^{n-1}}{n^{s}}$ , $\Re s>0$ , (2)
(1)
$\Re s=0$ $F(x)$ Fourier
O (II)
Fourier
Flajolet et al. [2] BC RBC $({\rm Re}-$
flected Binary Code) RBC
$\mathcal{G}_{0}=\{0,1\}$
$\mathcal{G}_{0}=arrow\{1,0\}$
1 $\mathcal{G}_{0}’=\{11,10\}$ $\mathcal{G}0$ $\mathcal{G}_{0}’$ $\mathcal{G}_{1}$ :
$\mathcal{G}_{1}=\{0,1,11,10\}$ . $\mathcal{G}_{1}$ $\mathcal{G}_{2}$ : $\mathcal{G}_{2}=\{0,1,11,10,110,111,101,100\}$ .
RBC
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RBC $=\{0,1,11,10,110,111,101,100$ , 1100, 1101, 1111, 1110, 1010, 1011, 1001, 1000, . . . $\}$
$=$ {RBC(0), RBC(1), RBC(2), RBC(3), RBC(4), . . . , RBC $(n),$ $\ldots$ }
RBC F. Gray [3]




$\frac{1}{N}\sum_{n=0}^{N-1}S_{RBC}(n)=\frac{1}{2\pi i}\int_{\alpha-i\infty}^{\alpha+i\infty}\frac{2^{s}}{2^{s}-1}\cdot\frac{L(s,\chi_{4})N^{s}}{s(s+1)}ds$ , $\alpha>1$ , (3)
$L(s, \chi_{4})=\sum_{n=1}^{\infty}\frac{\chi_{4}(n)}{n^{s}}$ , $\Re s>0$ , (4)
$\chi_{4}(n)=\{\begin{array}{ll}0, if n\equiv 0 mod4,1, if n\equiv 1 mod4,0, if n\equiv 2 mod4,-1, if n\equiv 3 mod4.\end{array}$







$\Phi$ : $\mathcal{A}arrow \mathcal{B},$ $\Phi(f)=S,$ $f\in \mathcal{A},$ $S\in \mathcal{B}$ ,
$S(n)= \sum_{k=00}^{\infty}\sum_{-\leq a\leq_{2}^{n}T}f(a)$
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$\Psi$ : $\mathcal{B}arrow \mathcal{A},$ $\Psi(S)=f,$ $S\in \mathcal{B},$ $f\in \mathcal{A}$ ,
$f(n)=\{\begin{array}{ll}0, if n=0,S(n)-S(n-1)-(S(\frac{n}{2})-S(\frac{n}{2}-1)), if n\geq 2 is even,S(n)-S(n-1), if n is odd,\end{array}$
1([4]) $\Phi$ $\Psi(\Phi(f))=f$ $\Phi(\Psi(S))=S$
$\Phi^{-1}=\Psi$
1 SBC $\in \mathcal{B}$ $\Phi^{-1}$ (SBC) (2)
Dirichlet $(-1)^{n-1}$
lBC sum of digits
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2 $S_{RBC}\in \mathcal{B}$ $\Phi^{-1}$ (SRBC) (4)
Dirichlet $\chi_{4}(n)$
2RBC sum of digits
BC RBC





1 $L$ $0,1$ $L$
$\mathcal{G}_{0}=\{\mathcal{G}_{0}(0), \mathcal{G}_{0}(1), \ldots, \mathcal{G}_{0}(2^{L}-1)\}$
$\mathcal{G}_{0}(0)$ $0$ $L$ $\mathcal{G}_{0}(n)$ $\mathcal{G}_{0}(n+$
1 $)$ , $0\leq n\leq 2^{L}-2$ , $0,1$ $\mathcal{G}_{0}$
bit Gray $\mathcal{G}_{0}(2^{L}-1)$ $\mathcal{G}_{0}(0)$
$0,1$ $\mathcal{G}_{0}$ L-bit cyclic Gray
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$\{0,1\}$ l-bit cyclic Gray {000, 001, 011, 111, 101, 100, 110, 010} 3-bit
cyclic Gray






$L$ Hamilton L-bit cyclic
Gray $\mathcal{G}0$ RBC Gray
2 $\mathcal{G}0$ L-bit cyclic Gray $\mathcal{G}0$
$\mathcal{G}$ $\mathcal{G}_{0}$ Gray :
$\mathcal{G}_{0}=\{\mathcal{G}_{0}(0), \mathcal{G}_{0}(1), \ldots, \mathcal{G}_{0}(2^{L}.-1)\}$
$arrow \mathcal{G}_{0}=\{\mathcal{G}_{0}(2^{L}-1), \ldots, \mathcal{G}_{0}(1), \mathcal{G}_{0}(0)\}$
1
$\mathcal{G}_{0}’=\{1\oplus \mathcal{G}_{0}(2^{L}-1), \ldots, 1\oplus \mathcal{G}_{0}(1), 1\oplus \mathcal{G}_{0}(0)\}$
$\mathcal{G}0$ $\mathcal{G}_{0}’$
$\mathcal{G}_{1}=\{\mathcal{G}0, \mathcal{G}_{0}’\}$
$\mathcal{G}_{1}$ $(L+1)$-bit cyclic Gray
$\mathcal{G}_{2},$ $\mathcal{G}_{3},$
$\ldots$ , Gray $\mathcal{G}$
$\mathcal{G}=\lim_{jarrow\infty}\mathcal{G}_{j}$
RBC l-bit cyclic Gray $\{0,1\}$ Gray $\cdot$
3 $\mathcal{G}=\{\mathcal{G}(n)\}_{n=0}^{\infty}$ Gray $\mathcal{G}$ sum of digits $S_{\mathcal{G}}$
$S_{\mathcal{G}}(n)=\mathcal{G}(n)$ 1
3-bit cyclic Gray {000, 001, 011, 111, 101, 100, 110, 010}
Gray AG3 3 $S_{AG}3\in \mathcal{B}$ $\Phi^{-1}(S_{AG}$3 $)$
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3AG3 sum of digits
4 $f_{\mathcal{G}}=\Phi^{-1}(S_{\mathcal{G}})$
$\mathcal{G}_{0}$ L-bit cyclic Gray $\mathcal{G}_{0}$ Gray
$\mathcal{G}$ $\mathcal{G}$ sum of digits $S_{\mathcal{G}}\in \mathcal{B}$ 1 $\mathcal{A}$
$f_{\mathcal{G}}=\Phi^{-1}(S_{\mathcal{G}})$ $f_{\mathcal{G}}$ 2 3 ( 2 $L=1$
3 $L=3$ )
(i) $f_{\mathcal{G}}(n)$ $0,$ $\pm 1,$ $\pm 2$
(ii) $f_{\mathcal{G}}(n)$ $2^{L+2}$
(iii) $f_{\mathcal{G}}(n)$ $n=2^{L+1}$
(iv) $f_{\mathcal{G}}(n)$ $n=0$ $n=2^{L+1}-1$ $0$
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2([4]) $\mathcal{G}_{0}$ L-bit cyclic Gray $\mathcal{G}_{0}$ Gray
$\mathcal{G}$ $\mathcal{G}$ sum of digits $S_{\mathcal{G}}\in \mathcal{B}$ 1 $\mathcal{A}$
$f_{\mathcal{G}}=\Phi^{-1}(S_{\mathcal{G}})$
(i) [ $f_{\mathcal{G}}$ ]
$f_{\mathcal{G}}(n)=\{\begin{array}{ll}\pm 1, if n is odd,0, \pm 2, if n is even.\end{array}$
(ii) [$fg$ ]
$f_{g}(n)=f_{\mathcal{G}}(n-2^{L+2})$ , $n\geq 2^{L+2}$ .
(iii) [ $f_{\mathcal{G}}$ ]






$L(s, f_{\mathcal{G}})= \sum_{n=1}^{\infty}\frac{f_{\mathcal{G}}(n)}{n^{s}}$ , $s=\sigma+it$ , $\sigma,$ $t\in R$
2(i) $f_{\mathcal{G}}$ Dirichlet $\sigma>1$
$L(s, f_{\mathcal{G}})$ (3) :








$\zeta(s, a)$ $s=1$ $L(s, f_{\mathcal{G}})$
2(iii) (iv) $s=1$ $L(s, f_{\mathcal{G}})$







(iii) $L(s, f_{\mathcal{G}})$ $\sigma_{1}\leq\sigma\leq\sigma_{2}<0$ $s$
$L(s, f_{\mathcal{G}})\ll(1+|t|)^{\frac{1}{2}\sigma}$
(5)
$\Re s=\beta,$ $- \frac{1}{2}<\beta<0$ ,
Delange
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3([5]) $\mathcal{G}_{0}$ L-bit cyclic Gray $\mathcal{G}_{0}$ Gray
$\mathcal{G}$ $\mathcal{G}$ sum of digits $S_{\mathcal{G}}\in \mathcal{B}$ 1 $\mathcal{A}$




$\frac{1}{N}\sum_{n=0}^{N-1}S_{\mathcal{G}}(n)=\frac{\log N}{2\log 2}+F(\frac{\log N}{\log 2})-\frac{1}{N}G(N)$
$F(x)$




(II) $F(x)= \sum_{k\in Z}E_{k}e^{2\pi ikx}$ ,
$\{\begin{array}{l}E_{0}=-\frac{L}{2}-\frac{l}{2\log 2}-\frac{3}{4}+\frac{1}{\log 2}\sum_{m=1}^{2^{L+2}}f_{\mathcal{G}}(m)\log\Gamma(\frac{m}{2^{L+2}}),E_{k}=\frac{L(\frac{2\pi ik}{\log 2},f_{\mathcal{G}})}{2\pi ik(\frac{2\pi ik}{\log 2}+1)}, k\neq 0,\end{array}$
6
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